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ARTICLE INFO ABSTRACT 


The growth of L-Arginine doped SAP crystals were attained 
by Slow Evaporation Solution Growth Technique. Structural, 
Spectral, Optical and Morphological properties were 
investigated by various characterizations. SEM analysis 
reveals the uniform distribution of particles on the surface. 
Optical analysis shows the transparency of the grown crystal 
in the visible region. Hence the title material can be used for 
NLO device applications. 
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INTRODUCTION 

Phthalic acid derivatives are potential compounds for NLO and electro-optic 
processes. The semiorganic hydrogen phthalate crystals are widely used in the applications 
of long-wave X-ray spectrometers. Alkali Acid Phthalate crystals are used as substrates for 
deposition of thin films of organic nonlinear materials W. Sodium Acid Phthalate single 
crystal is an excellent compound for SHG applications in the phthalic acid family. There are 
only a few reports available on the effect of amino acid on the NLO efficiency of SAP 
crystals. Crystalline Phthalic acid complexes have been subjected to extensive 
investigations by several researchers so as to study about their linear and nonlinear optical 
properties. In general, Phthalate complexes are being widely investigated for their 
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promising electronic and optoelectronic applications! 210 ]. The crystallographic data for many 
phthalic acid complexes exists in the literature are the salts of Potassium Acid Phthalate 
(KAP), Sodium Acid Phthalate (SAP), and Lithium Acid Phthalate (LiAP)! 11 ' 13 ]. All these 
compounds are stabilized by extensive networks of hydrogen bonds. The influence of strong 
and weak hydrogen bonds on the nonlinear behaviour of the crystals have already been 
studied earlier! 14 ]. Phthalate samples of sodium and potassium are promising third-order 
NLO materials for applications in optical devices! 1517 ]. L-Arginine doped Sodium Acid 
Phthalate has been chosen for the present study because of its favorable optical properties 
which has been grown by slow evaporation technique at room temperature. 

EXPERIMENTAL 

The slow evaporation technique was employed to synthesize Pure Sodium Acid 
Phthalate crystal by dissolving sodium bicarbonate and phthalic acid in deionized water in 
an equimolar ratio. The solution was thoroughly stirred for 2 hrs using magnetic stirrer and 
the saturated solution of the above synthesized salt was prepared and the undoped SAP 
crystals were grown at room temperature. Optically transparent and good quality crystals 
were collected from the mother solution after 30 days which is shown in Fig. 1. The mother 
solution was prepared using SAP salt in deionized water and 0.2 mole% of L-Arginine was 
added as a dopant in the mother solution. The saturated solution was filtered and kept for 
evaporation at room temperature. Optically transparent crystals of L-Arginine doped SAP 
crystals was obtained after 30 days which is shown in Fig. 1. 

Fig. 1: As Grown L-Arginine Doped SAP Crystal 



RESULTS AND DISCUSSIONS 
3.1. Structural Analysis 

To determine the unit cell parameters the grown pure and doped crystals were 
subjected to single crystal X-ray diffraction study using an ENRAFNONIUS CAD-4 
diffractometer. The observed lattice parameter values of L-Arginine doped SAP crystals are 
shown in Table. 1 which is in good agreement with the reported values! 18 !. The incorporation 
of L-Arginine into the crystal lattice of pure SAP crystal is clearly indicated by the minor 
deviations in the cell parameters. 
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Table 1: Cell Parameters of Undoped and L-Arginine Doped SAP Crystal 


SAP Crystal! 20 ] 

L-Arginine doped SAP crystal 

a= 6.75 A 

a= 6.67 A 

b= 9.31 A 

b= 9.26 A 

c— 26.60 A 

c— 26.68 A 

Volume =1662 A 3 

Volume =1679 A 3 

System= Orthorhombic 

System= Orthorhombic 

Space group =B2ab 

Space group =B2ab 


Table 2: Comparison of Cell Values Obtained from Single Crystal and Powder XRD 


Single Crystal X-Ray diffraction 

PowderX-Ray Diffraction 

a= 6.67 A 

a= 6.65 A 

b= 9.26 A 

b= 9.29 A 

c= 26.68 A 

c— 26.62 A 

Volume =1679 A 3 

Volume =1645 A 3 

System= Orthorhombic 

System= Orthorhombic 

Space group =B2ab 

Space group =B2ab 


The powder X-Ray diffraction reveals the crystallinity and the phase of synthesized 
title material. The powder XRD pattern obtained for L-Arginine doped SAP crystals is 
shown in Fig.2. JEOL JDX POWDER X-RAY DIFFRACTOMETER was employed for this 
purpose. A set of Bragg’s diffraction peaks were obtained and the miller indices are 
calculated using the JCPDS software (PDF. No. 321895). The cell parameters obtained from 
the powder x-ray diffraction analysis are calculated by the expression, 


\= 2dhkl sin 0 hkl ... q) 

1 i^Z p 

d 2 = ( a 2 ) + (b 2 ) + (c 2 ) ...(2) 

Where, 

d is the lattice spacing 
hkl are the miller indices 


a, b, c are the lattice parameters 

O 

X is the wavelength of the x-ray used (CuKa = 1.5406 A) 

V is the volume of the unit cell 
20 is the diffraction angle 

The obtained cell parameter values are compared with the single crystal x-ray 
diffraction values which presented in table-2. It is evident from the table that the title 
material retains its structure. The crystallite size was calculated by the Debye Scherrer’s 
formula 

D = 0.9X/Bcos0 

Where, 

o 

X is the wavelength of the X-Rays used (1.540A) 

6 is the full width half maximum 
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0 is the Bragg’s diffraction angle 

The average crystallite size of the particles calculated from the powder x-ray 
diffraction pattern is 65 nm. 


Fig. 2: Powder XRD Pattern of L-Arginine Doped SAP Crystal 
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3.2. FTIR Spectral Analysis 

The NH 3 asymmetric stretching vibrations are assigned to the peak at 3309 cm -1 . 
The peak at 2716 cm -1 confirm C-H stretching. The spectrum confirms COO' asymmetric 
stretching, C-H deformation, and C-0 stretching vibrations by the presence of the peaks at 
1907 cm -1 , 1400 cm -1 , 1119 cnr 1 respectively. The characteristic absorption peak at 1598 
cm 1 is due to carboxylate ion. The double bond observed in the carboxylate ion is due to the 
asymmetric stretching vibration. Symmetric stretching vibration of carboxylate ion is 
observed at 1371 cm 1 . C-0 stretching vibration was observed at the absorption peak at 
1270 cm 1 . The absorption peak at 1069 cnr 1 is attributed to C-C-0 stretching vibration. C-C 
stretching and C-C wagging vibrations were observed at 751 cm 1 and 682 cm 1 respectively. 
In addition to these absorption peaks some other peaks are observed at 824 cm 4 , 521 cm 1 
and 415 cm 1 which are attributed due to C-H out of plane bending, C=C-C out of plane ring 
deformation and C=C plane bending respectively. 

Fig. 3: FTIR Spectrum of L-Arginine Doped SAP Crystal 
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3.3 Linear Optical Analysis 

UV visible NIR spectral analysis is an effective tool for identifying the optical 
property of the grown crystals. UV Visible The recorded UV spectrum is shown in Fig 4. 
From the figure it is evident that L- Arginine doped SAP crystal is transparent without any 
strong absorptions in the entire visible region (380-800 nm). The lower cutoff is observed 
around 310 nm which makes the title material a potential candidate in optoelectronic 
applications. Hence linear optical analysis signifies that the title material is an effective 
NLO material. Because of wide optical applications of NLO materials, the transmission 
range and transparency cut-off are very important parameters, especially for crystals used 
in SIThe crystal shows a good transmittance in the visible region. NLO crystals 
with high conversion efficiencies for SHG and transparent in visible and ultraviolet ranges 
are required for numerous device applications. The lower cut-off wavelength around 310 nm 
is due to the n—n transition of the carbonyl group of the carboxyl function. This transition 
causes its nonlinear optical responses and absorption in the near UV region. The wide range 
of transparency of the grown crystals is an added advantage in the field of optoelectronic 
applications. 

Fig. 4: UV Transmission Spectrum of L-Argininne Doped SAP Crystal 



3.4 Microstructural Morphology 

The microstructural morphology of the undoped and L-Arginine doped SAP crystals 
were analyzed by subjecting it to SEM analysis. JEOL 6360 TESCAN Scanning electron 
microscope was used for in this process. The SEM micrographs of L-Arginine doped SAP 
crystals are shown in Fig. 5(a) - 5(d). It contains almost tightly packed hexagonal-like 
structure with grain size around 15 — 30 nm which are uniformly distributed. 


Fig. 5 (a) - 5(d): SEM Micrographs of L-Arginine Doped SAP Crystal 



Fig. 5 (a) Fig. 5 (b) Fig. 5 (c) Fig 5 (d) 
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The magnified SEM micrograph is shown in Fig. 5(e). The substitution of L-Arginine 
inside the SAP lattice, induces the distortion which is responsible for grain size reduction. 
In addition to this, the grains are agglomerated each other with size around 50-75 nm. 
Tensile stress is completely relieved and the lattices are much relaxed and creates better 
crystallization. 

Fig. 5 (e): Magnified SEM Micrograph of L-Arginine Doped SAP Crystal 



The presence of agglomerated particles suggests that the growth process starts with 
clusters in a colloidal state. These clusters integrate into larger particles called secondary 
spherical particles. This minimizes their surface energy. Then these secondary particles 
further collide and merge with each other forming multimers. The obtained results coincide 
well with the powder x-ray diffraction analysis. 

3.5 Vicker’s Microhardness 

For post growth processes and device fabrication, the mechanical hardness of the 
crystal is an important parameter. Microhardness measurements were carried out using a 
Leitz Wetzler hardness tester fitted with a Vickers diamond pyramidal indenter and 
attached to a Leitz incident light microscope. The distance between any two indentations 
was maintained to be greater than five times that of the diagonal length in order to avoid 
any mutual influence of the indentations. The dwell time was 5 s for all the loads. Hardness 
number was calculated from the relation: 


H v = 1.8554p/d 2 kg mnr 2 


Where P is the applied load (in kg) and d is the diagonal length of indentation (in 
mm). Fig.6 clearly indicates that hardness of the grown crystals increases with increase in 
load and having maximum hardness number at 100 g. 

Fig. 6: Load vs Hv of L-Arginine Doped SAP 
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The load above 50 g develops multiple cracks on the crystal surface due to the 
release of internal stresses generated locally by indentation. The hardness increases with 
increase in load and this suggests L- Arginine doped SAP crystals are efficient candidates in 
NLO applications below 50 g of applied load. 

3.6 Nonlinear Optical Studies 

Kurtz and Perry powder technique! 23 ] remains an extremely valuable tool for initial 
screening of materials for second harmonic generation (SHG).The grown crystals were 
subjected to the NLO study to measure the efficiency with respect to pure KDP and L- 
Arginine doped SAP single crystals. The SHG property of the grown crystals was tested by 
the Kurtz and Perry powder method. The fundamental beam of wavelength 1064 nm from a 
Q-switched Nd:YAG laser with a pulse energy 3 mJ/pulse, pulse width 8 ns, and repetition 
rate 10 Hz was used. The salt was packed in a micro capillary of uniform bore and exposed 
to laser radiations. The SHG conversion efficiency of L-Arginine doped SAP crystal was 
found to be more than that of pure KDP crystal. The optical signal generated from the 
sample was converted into an electrical signal and was measured using an oscilloscope. The 
measured outputs for pure KDP and L-Arginine doped SAP crystals were 38 mV and 52 mV 
respectively. This indicates that the SHG conversion efficiency of L-Arginine doped SAP 
crystal is 1.3 times that of pure KDP crystal. The output was confirmed by the emission of 
green radiation from the sample which indicates that the title material possesses NLO 
property. Hence L-Arginine doped SAP crystals are exploited for the generation of Green 
Emission radiation. Apart from this L-Arginine doped SAP crystals are best suited in the 
NLO and optoelectronic device fabrications. 

3.7 Dielectric Studies 

The dielectric study for L-Arginine doped SAP crystal was carried out using Agilent 
4284-A LCR meter. The observations are made in the frequency range 100 Hz-1 MHz at 
room temperature. The plot of log f vs dielectric constant is depicted in Fig. 7(a). The 
dielectric constant decreases with increase in frequency. This effect can be attributed to the 
effect of charge distribution by mean carrier hopping on defects. At low frequency, the 
charge on the defects can be rapidly redistributed so that defects closer to the positive side 
of the applied field become positively charged. This leads to a screening of the field and 
overall reduction in the electric field. Because the capacitance is inversely proportional to 
the field, this reduction in the field for a given voltage results in the increased capacitance 
observed as the frequency is lowered. The dielectric constant of materials is due to the 
contribution of electronic, ionic, dipolar and space charge polarizations, which depend on 
the frequencies. At low frequencies, all these polarizations are active. The space charge 
polarization is generally active at lower frequencies and high temperatures. The variation of 
dielectric loss with log f is shown in Fig. 7(b). The low dielectric loss shows the crystals are 
of enhanced optical quality! 24 ]. This is in good agreement with the result of optical studies 
and this parameter is of vital importance for various NLO devices. 
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Fig. 7(a): log f vs Dielectric Constant 



Fig. 7(b): log f vs Dielectric Loss 



CONCLUSION 

Single crystals of L-Arginine doped SAP, potential semi-organic NLO materials, has 
been grown from aqueous solution. The unit cell parameters of the doped crystals were 
determined by the single crystal X-ray diffraction study. FTIR spectra confirms the 
presence of functional groups qualitatively. The wide range of transparency of the grown 
crystals in the visible region shows the suitability of the grown materials in the field of 
optoelectronic applications. The hardness graph shows the hardness increases with increase 
in load. The SHG efficiency of the grown crystals was more than the SHG efficiency of the 
reference material KDP. 
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